Background: The ocular fundus examination is infrequently and poorly performed in the emergency department (ED) clinical settings, placing patients at risk for missed diagnosis of hypertensive emergencies. The aim of this study was to investigate the feasibility of the ocular fundus photography with a smartphone small optical device in an ED setting and to compare it with a traditional ocular fundus examination.
Background: The ocular fundus examination is infrequently and poorly performed in the emergency department (ED) clinical settings, placing patients at risk for missed diagnosis of hypertensive emergencies. The aim of this study was to investigate the feasibility of the ocular fundus photography with a smartphone small optical device in an ED setting and to compare it with a traditional ocular fundus examination.
Methods: The study included 52 consecutive patients (mean age 69 AE 16 years, 50% women) presenting to a hospital ED with an acute increase in blood pressure (SBP > 180 and/or DBP > 100 mmHg). When admitted to the ED all patients had mydriatic ocular fundus examination obtained by a medical student (observer 1) using both a traditional ophthalmoscope and a commercially available ocular fundus smartphone device (D-Eye, Si14 S.p.A., Padova, Italy), to assess the presence of grade III and IV Keith Wegener retinopathy. All ocular fundus images and videos recorded with the D-Eye system were analyzed by two independent expert (ophthalmologist -observer 2) and inexpert (medical student -observer 1) observers. A quantitative score of hemorrages, exudates and/or papillary edema was used (0 absent, 1 early, 2 moderate, 3 severe and 4 very severe). The Cohen K coefficient was used to assess the interobserver concordance index.
Results: The mean duration of ocular fundus examination was 130 AE 39 and 74 AE 31 s for traditional ophthalmoscopy and for smartphone D-Eye, respectively. No relevant abnormalities of the ocular fundus were detected by traditional ophthalmoscopy, performed by observer 1, whereas a significant number of abnormal ocular fundus findings were detected by the use of the D-Eye device in 17 and 19 patients by observer 1 and observer 2, respectively. The K coefficient value ranged from 0.66 to 0.77 (good concordance) for the assessment of hemorrhages and exudates, and from 0.89 to 0.90 (optimal concordance) for the evaluation of presence and severity of papilledema.
Conclusion:
Our results show that a new small smartphone device (D-Eye) may be feasible in an ED setting for the fundoscopic examination, detecting a significant number of abnormal ocular fundus. The
INTRODUCTION

S
evere acute elevation in blood pressure (BP) is usually defined as 'hypertensive crisis', although hypertensive emergencies and urgencies have a completely different clinical approach [1] .
Hypertensive emergencies are characterized by the presence of an acute organ damage, and hospitalization is required, to rapidly control BP value by intravenous administration of antihypertensive drugs.
In hypertensive urgencies, the acute BP elevation is not associated with an acute organ damage, and the patient may be managed effectively with an outpatient follow-up, after oral antihypertensive treatment [1] .
In a patient admitted to the emergency department (ED) for acute hypertension, a funduscopic examination may particularly helpful in identifying the presence of exudates, hemorrhages and/or papilledema [2, 3] . The detection of these retinal changes indicates the presence of acute organ damage and allows the diagnosis of hypertensive emergency [4] [5] [6] , and of malignant hypertension [4, [7] [8] [9] .
Despite the wide availability in EDs examination rooms of easy portable direct ophthalmoscopes, a funduscopic examination was performed in only 13% of patients enrolled into the STAT registry [10] . Several limitations of direct ophthalmoscope have limited its use, including a long period of learning, a limited field of view, approximately 5 degrees, for a miotic pupil [11] and the poor sensitivity for common conditions, such as hypertensive retinopathy (44%) [12] . Furthermore, direct ophthalmoscopy doesn't allow the creation and storage of images, to be comparatively examined by other specialists.
Nonmydriatic and mydriatic ocular fundus photography, allowing the remote assessment of retinal fundus images sent to an ophthalmologist, might represent an alternative to direct ophthalmoscopy as shown in the Fundus Photography vs. Ophthalmoscopy Trial Outcomes in the Emergency Department study [11, [13] [14] [15] .
Nowadays funduscopic examination can be rapidly and easily executed with the help of the smartphone ophthalmoscopy. D-Eye system (Si14 S.p.A., Padova, Italy) is a portable optical device created to be magnetically attached to a smartphone. It allows one to examine and record videos or photographs of the retina, to archive or send them to a remote ophthalmologist [16] (Video 1, http:// links.lww.com/HJH/A762).
The purpose of this study is to investigate the feasibility of the ocular fundus photography with a smartphone small optical device [16] [17] [18] in patients with acute increase of BP in an ED setting and to compare it with a traditional ocular fundus examination.
PATIENTS AND METHODS
This was a prospective study including consecutive adult patients with acute hypertension (SBP > 180 mmHg and/or DBP > 100 mmHg), presenting to ED of Gardone Val Trompia and/or admitted to the Urgency Medicine Unit of the Spedali Civili di Brescia. The institutional review board of the Eye Clinic (University of Brescia, Italy) approved the study protocol (registered with clinicaltrials.gov, identifier NCT02177747). In all study participants, a written informed consent was obtained.
Overall, 52 consecutive patients with an acute increase of BP seen at the ED of Gardone Val Trompia and/or admitted to the Urgency Medicine Unit of the Spedali Civili di Brescia underwent dilated retinal digital imaging with a smartphone ophthalmoscope as a part of their examination in the ED or immediately after hospital admission. The presence of cataract, glaucoma and/or known diabetic retinopathy were confounding factors, but not exclusion criteria. Dilating eye drops (0.5% tropicamide and 10% phenylephrine) were administered. Bilateral funduscopic examination was carried out by a medical student after 20 min using a direct ophthalmoscope and a smartphone ophthalmoscope. The medical student (M.R.) who performed the examination underwent a 2 week-period training for traditional and smartphone ophthalmoscopy before starting the study (observer 1). In addition, the duration of both examinations performed by the student was measured and recorded.
A final prototype ( Fig. 1 ) of the D-Eye adapter (Si14 S.p.A; http://www.d-eyecare.com) attached to an iPhone 6 (Apple Inc, Cupertino, California, USA) was used. The images were captured on 3264 Â 2448 pixels of the camera sensor. When the pupil is mydriatic, the device captures a field of view of 20 degrees in a single fundus image, at a distance of 1 cm from the patient's eye (video 1, http:// links.lww.com/HJH/A762).
Thereafter, the ophthalmologist (observer 2), blind to the patient's characteristics and to observer 1 examination findings, analyzed the video created by the student with the smartphone.
The ophthalmoscopy reading procedure was standardized, using a previously prepared report sheet. In the report sheet, observers 1 and 2 were asked to report the absence or the presence of hemorrhages and/or exudates and their severity, according to a quantitative score, and/or the presence of papilledema and its qualitative score (Table 1) .
Statistical analysis
Continuous variables are expressed as mean AE 1 SD. x 2 distribution was used for categorical variables. To assess the agreement between smartphone examination by the two observers and to compute the consistency of classification of pathological fundus alterations, the k statistic was used, and the coefficient of agreement (Cohen's k) was calculated.
The k statistic was also used to evaluate the reproducibility of the smartphone video/images taken by the medical student, randomly selected in a sample of 20 patients enrolled into the study and examined 4 weeks apart.
Statistical analyses were performed using SPSS software version 20 (SPSS Inc, Chicago, Illinois, USA).
RESULTS
Fifty-two consecutive patients with acute increase in BP were enrolled from June 2015 to January 2016; 26 (50%) were women and the mean age was 67 AE 17 years. All patients were divided into two subgroups according to the clinical diagnosis of hypertensive emergency and urgency. Sixteen patients presented with a hypertensive emergency: four patients with transient ischemic attack/ stroke, four patients with an acute coronary syndrome, four patients with pulmonary edema, two patients with headache and transient blindness, one patient with atrial fibrillation and one with acute renal failure. Demographic characteristics of the whole sample and of patients with hypertensive emergency or urgency are reported in Table 2 .
Thirty-six (69.2%) patients had a previous diagnosis of hypertension, and 34 (65.4%) were on antihypertensive treatment. In Tables 3 and 4 , the prevalence of comorbidities is reported in the whole sample and in patients with hypertensive emergency or urgency.
The most common symptoms of acute hypertension were cardiovascular symptoms, such as chest pain (17 patients, 68%), dyspnoea (seven patients, 28%), palpitations (five patients, 20%) and arrhythmias (three patients, 12%), reported by 25 patients (48.1%). Neurological symptoms, including headache (11 patients, 44%), dizziness (seven patients, 28%), postural instability (six patients, 24%), paresis (six patients, 24%), nausea (four patients, 16%) and confusion (two patients, 8%), were reported by 25 patients (48.1%).
Other symptoms, such as malaise and sweating, were referred to by 13 patients (25%). Only five patients (9.6%) complained of loss of vision (two patients), blurred vision (four patients), blind spots and scotomas (two patients).
Funduscopic alterations
The student (with no experience in the funduscopic examination) observed only one pathological finding with direct ophthalmoscope, whereas defined the presence of fundus oculi abnormalities [hemorrhages, exudates and/or grade 2-4 papilledema in 16 (31%) patients by using the D-Eye]. Two patients had hemorrhages and in six exudates were observed, whereas nine patients presented grade 2-4 papilledema (video 2, http://links.lww.com/HJH/A763).
The mean duration of both eyes examination was 126.5 AE 38.5 s using the direct ophthalmoscope and 72.5 AE 30 s by smartphone ophthalmoscopy examination (P ¼ 0.0001).
The ophthalmologist, during the blind evaluation of the videos recorded by the student, found a similar prevalence of patients with pathological fundus oculi (n ¼ 16 and 31%).
The pathological changes observed by the student and by the ophthalmologist with smartphone ophthalmoscopy showed a good agreement as shown in Tables 5 and 6 . A good agreement for hemorrhages, and an excellent agreement for exudates and papilledema diagnosis, was observed.
The randomly selected images/videos taken in a sample of 20 patients enrolled into the study were reevaluated for the presence of fundus oculi changes 4 weeks apart by the medical student with an excellent agreement (K ¼ 1); only in two patients the degree of papilledema was underscored at the second evaluation (K ¼ 0.92).
In the group of patients classified as hypertensive emergencies on the basis of the clinical presentation, a higher number of patients with retinal hemorrhages and severe papilledema was observed than in those with urgencies (4 vs. 0, x 2 ¼ 0.007) by the use of the smartphone fundoscopy.
DISCUSSION
The results of this study show that the use of a smartphone device is a feasible and valuable tool for the examination of oculi fundus in an ED setting in patients with an acute and severe increase in BP. Our study underlines that the smartphone direct ophthalmoscopy technique can be used by a nonophthalmologist, and it is easier than traditional direct ophthalmoscopy, as confirmed by the significantly lower duration of the examination as compared with traditional ophthalmoscopy [16, 17] . The examiner does not need to lean toward the patient's face but can position himself or herself at a convenient distance and focus the smartphone camera on the patient's eye by looking at the smartphone screen.
In our study, only one patient of the 52 consecutive admitted to the ED underwent direct ophthalmoscopy performed by the emergency physician, reflecting daily practice [10, 11] .
The medical student (observer 1) was not able to recognize fundus oculi alterations, despite a 2-week period of training for traditional and smartphone ophthalmoscopy before starting the study. On the opposite, with the use of D-EYE, retinopathy grade III-IV was observed in 31% of patients examined, with a good to excellent concordance of interpretation when the same photographs or videos where evaluated by an expert physician, specialist in ophthalmology [19] .
The most common alteration was papillary edema, in most cases of moderate severity, whereas only one patient had severe papillary edema; in none of the patients with early edema retinopathy, grade III was observed, suggesting that this alteration may really reflect the sudden increase in BP values, whereas hemorrhages or exudates could more likely reflect a high pressure regimen during a more prolonged period of time.
The smartphone appeared to slightly overestimate the papilledema, mainly of mild severity: This could be explained with an oversaturation of the displayed optic disc image (much brighter compared with the surrounding retina), making it appear brighter and blurred to the grader [17] . Actually, the lack of stereopsis during the assessment with direct ophthalmoscopy (either classic or smartphone) was reported to lead to slightly altered optic nerve head assessment, compared with stereoscopic photographs. However, this can be overcome by little movements (voluntary or involuntary) during the dynamic acquisition with the smartphone: They change the perspective of the optic nerve head, highlighting the depth and the shape of the cup and making the grading easier compared with a still frame.
Therefore, the clinical classification of a hypertensive emergency or urgency cannot be changed according to the presence of early papillary edema, although this funduscopic sign could be more easily identified by the D-Eye video recording and might indicate a sharp rise in arterial pressure.
Only two patients had hemorrhages and in six exudates were observed; in all cases, a longstanding diagnosis of hypertension was recorded, in addition to a poor control in the last weeks/months. Ocular fundus abnormalities may reflect asymptomatic underlying cerebrovascular injury in patients who present with neurologic symptoms. In our study, none of the patients referred to for headache, dizziness or postural imbalance and confusion associated with elevated BP, had severe alterations of the ocular fundus, such as cotton wool spots, retinal hemorrhages or microaneurysms. These findings have therefore excluded the possible diagnosis of malignant hypertension or of hypertensive encephalopathy.
Because of data capability and wireless connectivity, the smartphone device allows the safe storage of images and videos that may be sent to an ophthalmology specialist for a correct interpretation and diagnosis. This advantage would be particularly useful in peripheral EDs in which an ophthalmology specialist is not readily available, like the setting of our study, or even in nonhospital or rural settings [20] [21] [22] .
Our study has some limitations. The traditional ophthalmoscopy was performed by a trained medical student and not by an ophthalmology physician. However, it reflects what happens in real life, when the ophthalmologist is not always available for a fundus examination in an ED, and the expertise of the emergency physicians does not allow a prompt and reliable examination of the fundus. We have examined patients with hypertensive urgencies or emergencies and the results cannot be generalized to other clinical setting. Another possible problem of the technique is the presence of a cataract, reducing the images definition and influencing the evaluation of papillary edema; in our patients none was excluded because of cataract.
In conclusion, the D-EYE method is feasible, not time consuming and effective when used in the evaluation of ocular fundus of patients presenting to the ED with an acute increase in BP. These characteristics would suggest a wider use of the D-Eye system to detect retinal lesions, gaining easier visualization of the ocular fundus with the advantages of digital photography. Further studies with a variety of physicians, including emergency medicine specialists, using the device are needed.
Reviewer's Summary Evaluation
Reviewer 2
The implementation in clinical practice of new tools aimed at evaluating retinal vessels may provide new perspectives in the difficult task of assessing the impact of hypertension on retinal vascular network. The pilot study by Muiesan et al., conducted in patients referred for acute increase in blood pressure to an emergency department, offers a new piece of evidence of the superior value of retinal photography/videos provided by a smart-phone device in detecting retinal alterations as compared to traditional ophthalmoscopy. The key feature of the study is that this innovative diagnostic approach may markedly improve the detection of hypertensive retinal damage by nonophthalmologist physicians.
